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Introduction
Cancer registries have documented lung cancer as the
most common cancer in the world since 1985. By 2002 there
were 1.35 million new cases, representing 12.4% of all new
cancers. Globally it was also the most common cause of death
from cancer, with 1.18 million reported deaths, or 17.6% of the
world total.1 In Pakistan cancer of the lung has been ranked the
most frequent malignancy in men in Karachi in the entire 1995-
2002 period. In the 1998-2002 period the incidence rate increased
to 25.5 per 100,000 (males) and 4.2 per 100,000 (females).2
The goal of radiologic evaluation of suspected
pulmonary lesions, especially solitary nodules and masses, is
to noninvasively differentiate between benign from
malignant as accurately as possible. This is important because
a solitary pulmonary lesion (SPL) is the initial radiographic
finding in 20%-30% of patients with lung cancer, and
prognosis depends in part on stage at presentation.3 Standard
radiologic evaluation of a suspicious pulmonary lesion
includes careful review of findings at chest radiography and,
when appropriate, comparison with findings at prior
radiography, chest fluoroscopy, CT and correlation with
clinical signs and symptoms. When indicated and if available
MRI, PET, and SPECT have also been utilized.4
Computed tomography (CT) is the imaging modality
most often used to evaluate pulmonary nodules. The
technique of helical low-dose CT scan is much more sensitive
than a regular X-ray and can detect tumours if they are small. 
Follow up by CT-guided percutaneous biopsy represents
the most effective method to achieve a correct diagnosis in
suspicious pulmonary lesions.5 It is widely accepted as effective
and safe in many settings.6 It allows pathological verification of
the radiological diagnosis with minimal invasiveness.7,8
Differential diagnosis of suspicious radiological
pulmonary lesions also includes pulmonary metastases which
are a common and frequent feature of a large variety of
malignancies. Common causes of benign pulmonary lesions
include among others, infectious granulomas most often due
to Mycobacterium Tuberculosis and endemic fungi.
According to the World Health Organization, in 2004
Pakistan pulmonary tuberculosis had a projected incidence of
181 per 100,000 population per year and a mortality rate of
41 per 100,000 population per year.9 The particularly variable
presentations of pulmonary tuberculosis and its far greater
prevalence in Pakistan can thus present serious pitfalls and
errors in radiological evaluation.10
A need was therefore felt to determine the diagnostic
accuracy of CT based diagnosis of malignancy in pulmonary
lesions in our local setting. 
Patients and Methods
Between January 2007 and June 2008 a prospective
cross-sectional study was conducted. A total of 57 patients
with solitary pulmonary lesions seen in prior chest x rays or
chest CT scans were referred to radiology department AKUH
for CT guided percutaneous biopsy. These patients included
outside referrals as well as inpatients. Informed consent was
obtained from all patients. Information regarding the patient's
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age, sex and pertinent clinical history were recorded.
All patients had 8-12 hours of fasting prior to the CT
examination. Plain CT slices (10 mm interval) of the chest
were obtained from lung apices to lung bases mainly focusing
on the already known pulmonary lesion on single slice
General electric scanner for every patient. 
A team comprising of a radiologist with 3 years
experience in chest CT and a senior radiology resident
observed and documented the size of the lesion, location,
nature of its margins, internal attenuation and presence/absence
of cavitation, intranodular fat and intranodular calcium. 
On the basis of these findings a CT diagnosis of the
nature of the lesion i.e. either benign or malignant, was made
using a set criteria.11,12
SPLs were scored as follows:11
a. Not suspicious for malignancy: homogenous, round, well-
defined-margins, <3cm. 
b. Low suspicion: Non homogenous, round, well-defined
margins, <3cm. 
c. Intermediate suspicion: non homogenous attenuation, well-
defined margins, >3 cm. 
d. Moderately high suspicion: non homogenous attenuation,
irregular margins, > 3cm. 
e. High suspicion: non homogenous attenuation, lobulated,
spiculated margins, >3 cm. 
SPLs in category a, b, c were considered benign and
category d and e were considered malignant.
This was followed by CT guided percutaneous biopsy
of the lesion performed in our department . Biopsy diagnosis
obtained from the Pathology Department Aga Khan
University Hospital, either benign/infection or malignant,
was recorded.
Results
A total of 57 referred patients were found to have
pulmonary lesions on CT scan in our department during the
period of study, which were subsequently biopsied under CT
guidance and had histopathology done in our hospital. Four of
these biopsy specimens were diagnostically inadequate and a
repeat biopsy was suggested which could not be performed for
various reasons. Hence these 4 patients were omitted from the
study. The data analysed is from the remaining 53 patients. 
Of the 53 patients, there were 43 males and 10
females. A wide range of age was seen varying between 20
years and 83 years with mean age of 62 ± 13 years. For
females the ages ranged between 50 and 74, with mean age of
62 ± 9 years, while in males the range was 20 - 83 years, with
mean age of 62 ± 14 years. 
Out of the 53 cases, 50 (94%) were read on CT as
having positive likelihood for malignancy. On later
histopathological examination 43 of the total 53 cases had
pulmonary malignancies (81%) while 10 were diagnosed
with benign pathologies. Among the male patients the
malignancy rate was 84%, and in female cases it was 70%.
The malignancies included non-small cell lung carcinoma
(NSCLC, n = 30) (Figure-1), small cell lung carcinoma
(SCLC, n = 4), lymphoblastic lymphoma (n =1), primitive
neuroectodermal tumours (PNET, n =2), and six metastatic
lesions including five from adenocarcinomas and one from
renal cell carcinoma. 
The histologically benign cases included tuberculous
lesions (n =5) and one each of chondroid hamartoma, myxoid
neoplasm, chronic inflammation, granular cell tumour and
fibrous tissue. CT based diagnosis of benign lesion was made
in 3 cases, all 3 of which proved benign on biopsy. 
Thus there were 43 true positive, 7 false positive, 3
true negative and no false negative results reported on CT
based assessment of likelihood of malignancy in these
pulmonary lesions.
Statistical parameters thus showed sensitivity of
100%, specificity of 30%, positive predictive value of 86%,
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Table: Accuracy of CT in diagnosing Malignancy in Solitary Pulmonary Lesions.
Author Total Patients Sensitivity Specificity Positive Predictive Value Negative Predictive Value Accuracy
Lu G et al18 85 88.1 65.4 Not mentioned Not mentioned 81.2 %
Kim et al12 42 93 31 75 67 74%
Imaad et al 53 100 30 86 100 87%
Figure-1: A large 5 cm soft tissue mass in right lung with spiculated margins. On
histopathology it was non-small cell cancer of lung (NSCLC).
and negative predictive value of 100% and diagnostic
accuracy of 87% for CT scan for diagnosing malignancy in
solitary pulmonary lesions. 
Irregular margins with spiculations and
nonhomogenous attenuation were the most frequently seen
findings in the positive cases (43 and 42 cases respectively).
However irregular margins were also noted in 7 benign lesions
and nonhomogenous attenuation noted in 6 benign lesions
(Figure-2).
Size greater than 3 cm was noted in a total of 43 cases,
36 of which were malignant. Malignancy was also diagnosed
in 7 of the 10 lesions less than 3 cm in size.
Discussion
In Pakistan at present, CT is the most commonly used
non invasive modality for evaluating pulmonary lesions. It is
therefore crucial to evaluate and verify the accuracy of CT in
diagnosing malignancy so that we can plan the diagnostic
workup of such patients in a realistic manner.
Our study demonstrates that CT scan based diagnosis
is highly sensitive yet non-specific. All three major criteria to
diagnose malignancy i.e. size of the lesion, border
characteristics and internal attenuation are sensitive, but can
be seen in a variety of benign conditions as well. 
In our series, 43 of the 53 pulmonary lesions were
greater than 3 cm in size and out of these 36 were found to be
malignant (86%) while 10 lesions were less than 3 cm and out
of these 7 lesions proved to be malignant (70%). This is in
general agreement with published literature. In a study
conducted by Steele et al,13 80 percent of solitary nodules
larger than 3 cm in diameter were found to be malignant,
compared to 20 percent of nodules less than 2 cm in diameter,
while studies done by Zerhouni et al. and Siegelman et al.
demonstrated that more than 90 percent of lesions larger than
3 cm are malignant.14,15
Regarding border characteristics in our study all 43
malignant lesions had irregular margins, a sensitivity of 100
percent; however, irregular margins were also seen in 7 of the
10 benign lesions. Hence this finding is only 30% specific.
Overall accuracy of this finding was calculated to be 87 %.
Conversely the sign of smooth margins was highly specific for
benign nature of the lesion in our cases as only 3 lesions were
seen to have smooth borders and all 3 were benign. However
in this case the sensitivity was low as 7 of the 10 benign
lesions did not show smooth margins. Rigler et al showed that
a smooth border has a 20 percent likelihood of representing a
malignant nodule. The likelihood increases to 60 percent with
a scalloped border, 90 percent with spiculations and 95 percent
in the presence of corona radiate.16
The third major characteristic of internal attenuation
also had high sensitivity for malignant lesions yet was seen in
a variety of benign lesions as well.
The most common pathology mimicking malignancy
was tuberculosis. All five cases of tuberculosis in our study
were read as malignant based upon CT findings. This depicts
the extremely varied appearance of tuberculous lesions
making it virtually unidentifiable based upon CT
characteristics (Figure-2). Cherian et al in his study of
atypical pulmonary patterns of tuberculosis found that the
most common of these unusual radiographic patterns of
tuberculosis was mass-like densities, most of which were
initially and mistakenly diagnosed as neoplasms.17 Similar
was the result in our study and is a major concern in our set
up since TB has high prevalence in Pakistan.9
Comparatively low specificity seen in our study as
compared to other studies18,12 is primarily attributable to
these tuberculous lesions. We failed to identify any criteria
which could improve the sensitivity or specificity for
recognizing atypical TB lesions on CT scan. However only
five cases of tuberculosis were seen in a total of fifty three
patients which is too small a sample size to draw any realistic
conclusion. This is a limitation in our study.
Another limitation was that no dynamic imaging was
performed after contrast administration. The study was
conducted in a single centre and only those patients were
included who had known SPLs on prior radiographic
evaluation thus creating selection bias in the study. No long
term follow-up of patients is available.
Conclusion
Due to its low specificity, CT scan cannot be used as
the definitive diagnostic modality for diagnosing malignancy
in solitary pulmonary lesions, however it can be used as a
localizing tool prior to CT guided percutaneous biopsy which
is highly specific and sensitive. 
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Figure-2: A small 3.5 cm soft tissue lesion in right upper lobe with irregular
margins and a thin walled cavity. On histopathology it was tuberculosis.
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